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SYSTEM FOR INTERFACING AN LC Next , the control unit 20a opens the second pin 204a , i . e . 
SENSOR , RELATED METHOD AND the pin 204a is floating . Accordingly , due to the fact that the 
COMPUTER PROGRAM PRODUCT capacitor C of the sensor 10 has been charged during the 

previous phase , the LC resonant circuit 10 starts to oscillate 
FIELD as previously described . 

Thus , by analyzing the voltage , e . g . voltage V204 at pin 
Embodiments of the present disclosure relate to interfac 204a , the oscillation may be characterized . In particular , as 

ing an LC sensor . shown in FIG . 36 , the voltage at the pin 204a corresponds 
to a damped oscillation having a DC offset corresponding to 

BACKGROUND 10 the voltage VmId , imposed by the voltage source 206a , i . e . 
the voltage VmId constitutes the middle point of the oscil 
lation . LC sensors are well known in the art . For example , LC 

sensors may be used as electronic proximity sensors which Accordingly , the voltage VMID is usually set to half of the 
are able to detect the presence of a conductive target . Some supply voltage of the control unit 20a , e . g . VDD / 2 , in order 

15 to have the maximum range . common applications of inductive sensors include , e . g . , Often , the circuit also comprises an additional capacitor metal detectors and derived applications , such as rotation C1 coupled between the pin 202a and ground GND in order 
sensors . to stabilize the voltage signal Vup and to provide the boost 

FIG . 1 shows a typical LC sensor 10 . Specifically , in FIG . of current required to charge the sensor . 
1 , the LC sensor 10 comprises an inductor L and a capacitor 20 In order to analyze the signal at the pin 204a ( see e . g . FIG . 
C , which form a resonant circuit also called a tank circuit . 3a ) , the control unit 20 may comprise an analog - to - digital 
The arrangement comprises a power supply 102 , such as a converter ( ADC ) 208a coupled to the pin 204a in order to 
voltage source , and a switch 104 . sample the voltage of the oscillation . Thus , based on the 

When the switch 104 is in a first position as shown in FIG . resolution and sampling frequency of the ADC 208a , the 
1 , the capacitor C is charged up to the supply voltage . When 25 whole oscillation may be characterized . 
the capacitor C is fully charged , the switch 104 changes FIG . 4 shows an alternative approach . Specifically , the 
position and places the capacitor C in parallel with the control unit 20a comprises a comparator 210a , which com 
inductor L and starts to discharge through the inductor L and pares the voltage at the pin 204a with a reference signal , 
initiates an oscillation between the LC resonant circuit 10 . such as a reference voltage V Ref . For example , this reference 

From a practical point of view , the LC sensor 10 also 30 voltage Vrer may be fixed , e . g . fixed to a voltage being 
comprises resistive components R , which will dissipate slightly greater than VDD / 2 , or set via a digital - to - analog 
energy over time . Accordingly , losses occur which will converter 212a . 
decay the oscillations , i . e . the oscillation is damped . For example , FIGS . 5a and 5b show respectively the 

Basically , such LC sensors 10 may be used , e . g . , to detect oscillations with and without a metallic object in the vicinity 
metallic objects , because the oscillation may be damped 35 of the sensor 10 . The reference voltage V Ref and the output 
quicker in the presence of a metallic object ( see e . g . , FIG . CMP of the comparator 210a is also shown in FIGS . 5a and 
2b ) compared to an oscillation without a metallic object ( see 5b . 
e . g . , FIG . 2a ) . Generally , the two approaches shown in FIGS . 3a and 4 , 

Generally , the sensing component of an LC sensor 10 may i . e . the ADC 208a and comparator 210a , may also be 
be the inductor L , the capacitor C and / or the resistor R . For 40 combined in the same control unit 20a . 
example , the resistance R influences primarily the damping Thus , based on the foregoing , contactless motion mea 
factor , while the L and C components influence primarily the surement may be achieved by interfacing LC sensors 
oscillation frequency . directly with microcontroller integrated circuits ( ICs ) . Such 

Moreover , an LC sensor 10 may also be created by sensing may be useful , e . g . , for metering systems ( gas , 
coupling a capacitor C to an inductive sensor L or an 45 water , distance , etc . ) . 
inductor L to a capacitive sensor C . However , usually the However , while handling and sampling sensors , micro 
inductor L ( with its dissipative losses ) constitutes the sens - controllers ( or MCUS ) should reduce as much as possible the 
ing element . power consumption in order to permit the development of 

FIG . 3a shows a possible example for performing the LC battery - powered systems . 
sensing of the sensor 10 with a control unit 20a , such as a 50 Moreover , as MCU units are typically general - purpose , 
microcontroller described in the documents Application there is also the need to reduce as much as possible the 
Note AN0029 , “ Low Energy Sensor Interface — Inductive silicon area due to the specialized circuits required for the 
Sensing ” , Rev . 1 . 05 , 2013 May 9 , Energy micro , or Appli - implementation of the above functionality . 
cation Report SLAA222A , “ Rotation Detection with the Accordingly , in LC sensor excitation and measurement 
MSP430 Scan Interface ” , April 2011 , Texas Instruments . 55 techniques it is important to reduce consumption and cost , 

In the example considered , the control unit 20 comprises especially for battery powered applications as already men 
two pins or pads 202a and 204a , and the LC sensor 10 is tioned . 
coupled between these pins 202a and 204a . For example , the measurement procedure applied in 

Substantially , the control unit 20a comprises a control - known approaches have a typical measurement time of 
lable voltage source 206a coupled to the pin 202a in order 60 around 50 us , in which the excitation part , e . g . the generator 
to impose a fixed voltage Vup at this pin 202a . For of the voltage Vyip , and the measurement part , e . g . the 
example , usually a digital - to - analog converter ( DAC ) or a comparator or analog - to - digital converter , have to be 
dedicated voltage source is used for this purpose . switched on . 

During a charge phase , the pin 204a is coupled to ground Thus , a first problem is related to the use of dedicated low 
GND . Accordingly , during this phase , the sensor 10 is 65 power analog components for generating the voltage VMID 
coupled between the voltage Vyand ground GND and the and the internal reference voltage V Rets which results in a 
capacitor C of the sensor 10 is charged to the voltage VMID greater cost . 
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for 

A second problem is related to the digital - to - analog detector may have a control circuit configured to enable the 
converter 210a that has to be both low power and fast peak detector as a function of the voltage of the oscillation 
enough to follow the damped oscillation . This leads to of the LC sensor . 
significant power consumption per measurement and chal - In another embodiment , the signal provided by the peak 
lenging application constraints in battery - powered systems . 5 detector is fed to a detector configured to determine the state 

Another critical aspect is that , depending on the specific of said LC sensor . For example , the detector may comprise 
sensor sizes to be supported , there could be the need to an analog - to - digital converter and / or an analog comparator . 
detect high frequency oscillations . Thus , in order to have Generally , at least the starter and the detector may be 
enough flexibility to support a wide range of sensor sizes , a incorporated in the control unit , such as an integrated circuit . 
fast ( and thus power consuming ) comparator or analog - to - 10 The approaches described in the present disclosure are 
digital converter is required . also suitable for interfacing multiple LC sensors . For this 

reason , one or more starters may be used to start the 
SUMMARY oscillations of the LC sensors . 

In this case , each LC sensor may be coupled to a respec 
On the basis of the foregoing description , the need is felt 15 tive analog peak detector configured to determine a signal 

for approaches which overcome one or more of previously being indicative of the peak voltage of the oscillation of the 
outlined drawbacks . respective LC sensor . 

According to one or more embodiments , such an object is The signals provided by the peak detectors are fed to a 
achieved through a system having the features specifically detector configured to determine the states of the LC sen 
set forth in the claims that follow . Embodiments moreover 20 sors . However , due to the fact that the peak values are stored , 
concerns a related method , as well as a corresponding the analog peak detectors may provide the peak signals to 
related computer program product , loadable in the memory the same analog - to - digital converter or the same analog 
of at least one computer and including software code por 
tions for performing the steps of the method when the Accordingly , in some embodiments , the control unit may 
product is run on a computer . As used herein , reference to 25 drive the starter in order to start the oscillation of an LC 
such a computer program product is intended to be equiva - sensor . The control unit may obtain the signal being indica 
lent to reference to a computer - readable medium containing tive of a peak voltage of the oscillation of the LC sensor 
instructions for controlling a computer system to coordinate from the analog peak detector and detect the state of the LC 
the performance of the method . Reference to " at least one sensor from the detector . 
computer ” is evidently intended to highlight the possibility 30 The approaches described herein are particularly useful 
for the present disclosure to be implemented in a distributed for low - power applications because the control unit may 
modular fashion . deactivate the starter once the peak detector has determined 

As mentioned in the foregoing , the present description the peak voltage of the oscillation of the LC sensor . Fur 
provides approaches for interfacing a LC sensor with a thermore , the detector may only be activated once the peak 
control unit , such as a microcontroller . 35 detector has determined the peak voltage of the oscillation of 

In various embodiments , the arrangement comprises a said LC sensor . For example , the starter may be deactivated 
starter configured to selectively start an oscillation of the LC and / or the detector enabled more or less contemporaneously , 
sensor . For example , as disclosed in the foregoing , the LC e . g . , once a given period of time has lapsed . However , the 
sensor may be coupled to a middle - point voltage generator oscillation of the LC sensor may also be analyzed in order 
and a switch configured to connect the other terminal 40 to determine when the starter may be deactivated and / or the 
selectively to ground . detector enabled . 

In another embodiment , an analog peak detector is used in 
order to determine a signal being indicative of a peak voltage BRIEF DESCRIPTION OF THE DRAWINGS 
of the oscillation of the LC sensor . For this reason , one of the 
terminals of the LC sensor may be coupled to this peak 45 Embodiments of the invention will now be described with 
detector . reference to the annexed drawings , which are provided 

For example , a peak detector may be implemented by at purely by way of non - limiting example and in which : 
least one diode and at least one storage capacitor . For FIG . 1 is a prior art LC sensor ; 
example , the peak detector may comprise a diode and a FIGS . 2a and 2b show respectively the oscillations with 
storage capacitor , wherein the anode of the diode may be 50 and without a metallic object in the vicinity of the LC sensor 
coupled to the LC sensor and the cathode of said diode is of FIG . 1 ; 
coupled to a first terminal of the storage capacitor , and where FIG . 3a is a prior art LC sensor and control unit ; 
the second terminal of the storage capacitor is coupled to FIG . 3b shows the damped oscillation of the LC sensor of 
ground . In this case , the voltage at the storage capacitor FIG . 3a ; 
provides the peak value of the oscillation of the LC sensor . 55 FIG . 4 is the LC sensor of FIG . 3a where the control unit 

In another embodiment , the peak detector comprises a includes a comparator ; 
capacitive voltage divider , such that the above peak signal FIGS . 5a and 5b show respectively the oscillations with 
corresponds to a scaled down version of the peak voltage of and without a metallic object in the vicinity of the LC sensor 
the oscillation of the LC sensor . of FIG . 4 ; 

In another embodiment , the peak detector has at least one 60 FIGS . 6a , 6b and 10 show embodiments of the invention 
electronic switch , configured to selectively discharge the at for starting the oscillation of an LC sensor ; 
least one storage capacitor as a function of a control signal FIGS . 7a and 7b show embodiments of the invention for 
provided , e . g . , by the control unit . interfacing an LC sensor by a peak detector ; 

In another embodiment , the peak detector comprises at FIGS . 8a to 8e show embodiments of peak detectors ; 
least one electronic switch , configured to selectively enable 65 FIGS . 9a and 9b show embodiments of the invention for 
or disable the peak detector as a function of a control signal measuring characteristic data of the oscillation of an LC 
provided , e . g . , by the control unit . For example , the peak sensor by a peak detector ; 
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FIG . 11 shows a method for interfacing an LC sensor point voltage of the oscillation , this fixed voltage preferably 
which may be used in the systems of FIGS . 7a and 7b ; corresponds at most to half of the supply voltage VDD of the 

FIGS . 12 and 13 show further embodiments of the inven control unit 20 , i . e . VDD / 2 , and may be provided by an 
tion adapted to start the oscillation of an LC sensor ; internal voltage reference generator being often available in 

FIGS . 14a and 14b show the general operation of an RLC 5 conventional microcontrollers . Generally , the supply voltage 
resonant circuit ; VDD may be received via a power supply pin of the control 
FIGS . 15 and 16 show further embodiments of the inven unit 20 . Accordingly , in this embodiment , the pin 202 may 

tion for interfacing an LC sensor by a peak detector ; be either coupled to ground GND or coupled to a given fixed 
FIGS . 17a to 17c show embodiments of the invention for voltage signal . 

interfacing a plurality of LC sensors ; and 10 The control unit 20 comprises a further switch 222 
FIG . 18 shows a method for interfacing a plurality of LC configured to connect the pin 204 selectively to ground 

sensors which may be used in the systems of FIGS . 15 and GND . Thus , generally , the operation of the voltage generator 
16 . 206 and the switch 222 could also be implemented with the 

pin driver circuitry of a conventional microcontroller . 
DETAILED DESCRIPTION For example , as shown in FIG . 10 , the voltage generator 

206 may be implemented with a conventional crossbar 
In the following description , numerous specific details are switch 244 , which connects the pin 202 to a reference 

given to provide a thorough understanding of embodiments . voltage source 246 integrated within the control unit 20 . 
The embodiments can be practiced without one or several Conversely , the switch 222 may be implemented with a three 
specific details , or with other methods , components , mate - 20 state output driver logic 242 of a conventional microcon 
rials , etc . In other instances , well - known structures , mate - troller . 
rials , or operations are not shown or described in detail to The switching of the switches 220 and 222 is controlled 
avoid obscuring aspects of the embodiments . by a processing unit 230 , such as a digital processing unit 

Reference throughout this specification to " one embodi programmed via software instructions , such as the central 
ment ” or “ an embodiment ” indicates that a particular fea - 25 processing unit ( CPU ) of a microcontroller , or a dedicated 
ture , structure , or characteristic described in connection with digital IP . Accordingly , when the oscillation of the LC sensor 
the embodiment is included in at least one embodiment . 10 has to be started , a fixed voltage Vui corresponding to 
Thus , the appearances of the phrases " in one embodiment ” VDD / 2 , for example , is supplied at the pin 202 via the 
or “ in an embodiment ” in various places throughout this voltage generator 206 and the pin 204 is coupled via the 
specification are not necessarily all referring to the same 30 switch 222 for a short period of time to ground GND . 
embodiment . Furthermore , the particular features , struc - In the embodiment shown in FIG . 6b , the processing unit 
tures , or characteristics may be combined in any suitable may connect the fixed voltage to the pin 202 and close the 
manner in one or more embodiments . switch 222 , thereby connecting the pin 204 to ground GND . 

The headings provided herein are for convenience only Thus , during a charge phase , the pin 204 is coupled to 
and do not interpret the scope or meaning of the embodi - 35 ground GND , and the sensor 10 is coupled between the 
ments . voltage VmId and ground GND , thereby charging the sensor 

In the following FIGS . 6 to 18 parts , elements or com - 10 to the voltage Vyd . Next , while the excitation pin 202 
ponents which have already been described with reference to remains coupled to the fixed voltage , the control unit 20 
FIGS . 1 to 5 are denoted by the same references previously opens the switch 222 , i . e . the pin 204 is now floating . 
used in such Figures . The description of such previously 40 Accordingly , due to the fact that the sensor 10 has been 
described elements will not be repeated in the following in charged during the previous phase , the LC resonant circuit 
order to not overburden the present detailed description . 10 starts to oscillate as described previously . 

The embodiments described offer approaches that permit In various embodiments , the voltage at the pin 204 is fed 
an efficient handling of at least one LC sensor 10 by to a peak detector 280 . For example , FIG . 7a shows an 
reducing the required dedicated on - chip components and / or 45 embodiment wherein the peak detector 280 is external to the 
by ensuring reduced power consumption . control unit 20 , while FIG . 7b shows an embodiment 

Specifically , as mentioned in the foregoing , fast compara wherein the peak detector 280 is integrated in the control 
tors or analog - to - digital converters are usually required to unit 20 . Those of skill in the art will appreciate that for 
analyze the oscillation of an LC sensor . illustration purposes some of the components already 

In order to avoid this problem , a peak detector is used to 50 described in the foregoing may not be shown in FIGS . 7a 
detect a value being indicative of the maximum peak value and 7b , such as the switch 222 . 
of the oscillation . Specifically , in case an external peak detector 280 is used 

For example , FIGS . 6a and 6b show embodiments , which ( see FIG . 7a ) , the output of the peak detector 280 may be fed 
are based on an excitation approach . Specifically , the LC to an additional pin 248 of the control unit 20 in order to 
sensor 10 is coupled ( e . g . directly ) between pins 202 and 204 55 permit a processing of the peak value by the control unit 20 . 
of a control unit 20 , such as a microcontroller . The control FIG . Sa shows a first embodiment of a peak detector 280 . 
unit 20 comprises a voltage source 206 coupled to the pin The peak detector 280 comprises a diode D and a storage 
202 in order to impose a fixed voltage Vmid at this pin 202 . capacitor C . Specifically , the anode of the diode D is coupled 
For example , a controllable voltage source 206 , such as a ( e . g . directly ) to the pin 204 and the cathode of the diode D 
digital - to - analog converter ( DAC ) , may be used for this 60 is coupled ( e . g . directly ) to a first terminal of the capacitor 
purpose . C . Conversely , the second terminal of the capacitor C is 

Conversely , as shown e . g . in FIG . 6b , such a voltage coupled ( e . g . directly ) to ground GND . 
source 206 may not also comprise a controllable voltage Accordingly , once the oscillation of the LC sensor has 
source for generating the voltage VMD , but the voltage been started the output of the peak detector 280 will provide 
source 206 may be implemented by a switch 220 configured 65 a signal Vpeak being indicative of the peak voltage of the 
to connect the pin 202 selectively to a fixed voltage or oscillation at the pin 204 . For example , neglecting the 
ground GND . Since the voltage Vmid represents the middle forward voltage of the diode D , the capacitor C will be 
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charged to a voltage which corresponds to the peak voltage control of the switch S2 and the switch S1 may be imple 
of the oscillation at the pin 204 . Thus , the voltage Vpest at mented directly with the driver logic of the control unit 20 
the capacitor C is indicative of the peak voltage of the associated with the pin receiving the peak signal Vpeak , e . g . 
oscillation at the pin 204 . the pin 248 shown in FIG . 7a . 

FIG . 8b shows a second embodiment of a peak detector 5 With reference to FIGS . 9a and 9b , the output of the peak 
280 . Specifically , an electronic switch S1 , such as a transis - detector 280 is coupled to some kind of detection circuit . 
tor , has been added , which is configured to selectively Generally , the following embodiments of detection circuits 
discharge the capacitor C as a function of a control signal . are described at the example of an internal peak detector 280 
For example , the switch S1 is coupled in parallel with the as shown in FIG . 7b . However , the embodiments may also 
capacitor C . Accordingly , the switch S1 may be used to reset 10 be applied to an external peak detector 280 as shown in FIG . 
the peak detector 280 . 7a . 

FIG . 8c shows a third embodiment of a peak detector 280 . Specifically , the peak detector 280 is coupled to an 
The peak detector 280 comprises an electronic switch S2 analog - to - digital converter 208 in FIG . 9a and to a com 
configured to selectively enable the peak detector 280 as a parator 210 in FIG . 9b . In both cases , the signal at the output 
function of a control signal . For example , the switch S2 is 15 of the comparator or the analog to digital converter may be 
coupled in series with the diode D , e . g . between the pin 204 provided to the processing unit 230 . 
and the anode of the diode D or between the cathode of the Generally , also in this case , the voltage at the pin 204 
diode D and the capacitor C . Accordingly , the switch S2 may corresponds to a damped oscillation having a DC offset 
be used to enable the peak detector 280 also independently corresponding to the voltage VMID , imposed by the voltage 
of the starting of the oscillation of the LC sensor 10 . 20 source 206 , i . e . the voltage V MID constitutes the middle point 
As shown in FIG . 8d , the control signals used to control of the oscillation . 

the switching of the switch S1 and / or S2 may also be Thus , the output of the peak detector 280 provides a signal 
provided by the processing unit 230 of the control unit 20 . Vpeak being indicative of the peak value of this oscillation at 

Conversely , FIG . 8e shows an embodiment , wherein at a given time . For example , by using a peak detector as 
least the switch S2 is controlled by a control circuit 232 25 shown in FIG . 8c , the peak detector 280 may be reset ( e . g . 
being integrated in the peak detector 280 . However , the by switch S1 ) and enabled ( e . g . by switch S2 ) at any given 
control circuit 232 or at least part of the function of the time once a given period of time has passed since the 
control circuit 232 , may also be integrated in the control unit oscillation of the sensor has been started . 
20 . For example , in the embodiment shown in FIG . 9a , the 

For example , the control circuit 232 is configured to 30 signal at the output of the peak detector is coupled to an 
determine the control signal for the switch S2 as a function analog - to - digital converter 208 . However , while a high 
of the signal at the input of the peak detector 280 , i . e . the speed ADC may be required in the prior - art approaches , a 
control circuit 232 is configured to enable and / or disable the low speed ADC may be used in this embodiment because the 
peak detector 280 as a function of the voltage at the input of signal at the output of the peak detector remains stable after 
the peak detector 280 . 35 a given short time period , e . g . the duration of one oscillation 

The circuit 232 may comprise one or more comparators of the LC sensor 10 . 
configured to compare the input voltage with one or more In the embodiment shown in FIG . 9b , the control unit 20 
threshold values . The circuit 232 may be configured to comprises a comparator 210 , which compares the signal 
enable the peak detector only at the second peak value of the Vpeak at the output of the peak detector 280 with a reference 
oscillation . As shown in FIGS . 5a and 5b , a comparator may 40 signal , such as a reference voltage V Rex For example , this 
be used for this purpose , which provides a comparison signal reference voltage V Ref may be fixed or set via a digital - to 
( corresponding more or less to the signal CMP shown in analog converter 212 . However , while the number of pulses 
FIGS . 5a and 5b ) which indicates whether the voltage at the in the signal was relevant in the prior - art approaches and 
input of the peak detector 280 is greater than a given thus a high speed comparator was required , the comparator 
threshold . In this case , the peak detector 280 could be 45 of the present disclosure determines whether the peak value 
enabled during the second pulse in the comparison signal at Vpeat exceeds a given threshold value . For example , the use 
the output of this comparator . Those of skill in the art will of a comparator might be sufficient in case only the presence 
appreciate that a digital circuit may be used for this purpose or absence of metallic objects in front of the sensor 10 has 
in order to extract the second impulse from the comparison to be detected . 
signal , such as a counter . 50 Generally , also in this case , the control unit may comprise 

Generally , also any other of the pulses in the comparison both an analog - to - digital converter 208 and an analog com 
signal could be used to enable and disable the peak detector parator 210 . Generally , it is not of particular interest for this 
280 , such as the first pulse . embodiment how the oscillation of the LC sensor 10 is 
Moreover , also other circuits may be used in order to started . 

detect the value of a given peak in the oscillation . For 55 As shown in FIG . 11 , a typical measurement cycle com 
example , the circuit 232 could enable the peak detector 280 prises four phase . After a start step 6000 , the LC sensor 10 
at a falling edged and disable the peak detector 280 at the is charged at 6002 and , once the charge phase 6002 finished , 
next falling edge . the LC sensor 10 is free to oscillate during a phase 6004 . At 

Accordingly , the peak value Vpeak provided at the output step 6006 , the control unit 20 may activate the peak detector 
of the peak detector 280 would depend on the initial ampli - 60 ( see e . g . FIG . 8d ) . Generally , this step is optional and may 
tude of the oscillation and the damping of the oscillation . For be performed , e . g . , also before the oscillation of the LC 
example , in this way , the damping behavior may be deter - sensor 10 is started at step 6002 . Next , the control unit 
mined more precisely , even with a low resolution analog measures at step 6008 the peak value Vpeak provided by the 
to - digital converter . peak detector 280 ( see FIGS . 9a and 9b ) . Finally , the 

Generally , in case an external peak detector 280 is used , 65 measurement ends at a stop step 6010 . 
two additional pins of the control unit 20 may be required for In order to start the oscillation at step 6002 , the previous 
this purpose . However , a single pin may be used for the embodiments were based on use of a fixed voltage generator 

oc 
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206 , which imposes the middle point voltage VMI at the pin during a first phase , coupling the contact 202 to a supply 
202 and wherein a switch 222 is used to connect the pin 204 voltage , e . g . VDD , such that the capacitor C1 is charged ; 
selectively to ground . However , the approaches described in during a second phase , coupling the contact 202 to the 
the Italian patent applications TO2014A000548 or supply voltage and coupling the contact 204 to ground GND , 
TO2014A000549 , which are incorporated herein by refer - 5 such that the LC sensor 10 is charged ; and 
ence , may be used to start the oscillation . during a third phase , placing the contact 202 and the 

For example , FIG . 12 shows briefly the approach pro contact 204 in a high impedance state , such that the LC 
posed in Italian patent application TO2014A000549 . Also in sensor 10 is able to oscillate . 
this approach , a LC sensor 10 is coupled to a control unit 20 Accordingly , the capacitor C1 is initially charged when 

the LC sensor starts to oscillate , but the oscillation occurs in comprising the contacts 202 and 204 , wherein the LC sensor 10 the opposite direction . Thus , the voltage at the contact 204 10 is coupled between these two contacts . is limited by discharging or charging the capacitor C1 However , while a voltage generator 206 imposing a fixed through the clamping circuit 214 of the contact 204 . How voltage at the pin 202 has been used in the above embodi ever , again a peak detector 280 may be used to determine the ments , the approach described in Italian patent application peak value of the oscillation at the pin 204 . TO2014A000549 uses a capacitor which is charged via a 15 Generally , in order to interface a LC sensor with a control supply voltage , such as VDD , to a given voltage . For this unit by a peak voltage detector 280 , the possible presence of purpose , a capacitor C1 is coupled between the contact 202 
and a ground GND . Thus , an oscillation of the LC sensor is clamping diodes used to protect I / O pads may cause a 

problem . Indeed , as described in Italian patent application 
started by : TO2014A000549 , these diodes would limit the amplitude of during a first phase , connecting the contact 202 to the 20 the oscillation at the pin 204 , and thus prevent a significant supply voltage , e . g . VDD , and placing the contact 204 in a 
high impedance state , such that the capacitor C1 is charged measurement of the peak voltage . 

For this reason , the arrangements using a voltage source through the supply voltage , e . g . VDD ; 206 ( as described with respect to FIGS . 6a and 6b ) and the during a second phase , placing the contact 202 in a high approach described in Italian patent application impedance state and connecting the contact 204 to ground 25 TO2014A000549 ( as shown in FIG . 12 ) usually use a GND , such that the capacitor C1 transfers charge towards middle point voltage VMID corresponding ( during the oscil the LC sensor 10 ; and 
during a third phase , placing the contact 202 and the lation of the LC sensor ) at most to VDD / 2 . Thus , the peak 

value of the oscillation at the measurement pin 204 is usually second contact 204 in a high impedance state , such that the below the supply voltage VDD of the control unit 20 . LC sensor 10 is able to oscillate . 30 Conversely , this is usually not the case in the arrangement Accordingly , the peak detector 280 may be coupled to the of Italian patent application TO2014A000548 . Accordingly , pin 204 in order to determine the peak voltage of the the peak detector 280 shown in FIG . 8a would be charged to oscillation at the pin 204 . 
Italian patent application TO2014A000548 addresses the the value of the supply voltage VDD , rending the detection 

meaningless . However , in this case the peak detector of FIG . problem of clamping circuits , which may be coupled to the 35 8c could be used and which is enabled after a given period pins 202 and / or 204 . Specifically , once the oscillation of the of time . LC sensor 10 is started , the voltage V204 at the second Instead , a different approach is used to avoid excessive contact 204 is monitored . Specifically , this voltage corre voltages at the measurement pin 204 . Specifically , in order sponds to the sum of the voltage at the contact 202 , i . e . the to cope with this saturation issue and to avoid the use of a voltage Vyip , and the voltage at the LC sensor 10 . Thus , in 40 
order to avoid that the clamping circuit dissipates energy dedicated middle point generator 206 ( as shown in FIGS . 6a 

and 6b ) , a capacitor voltage divider is used . from the LC sensor 10 , the voltage at the contact 202 is FIG . 14a shows in this respect the model of a RLC series varied such that the voltage at the measurement contact 204 resonant circuit , comprising a LC sensor 10 coupled in series does not exceed an upper voltage threshold and does not fall with a capacitor C to a voltage source 102 . below a lower voltage threshold . 45 
However , Italian patent application TO2014A000549 Generally , neglecting the internal capacitor of the LC 

sensor 10 , the natural frequency f , of the RLC resonant describes with respect to FIG . 13 , which is reproduced 
herein as FIG . 13 , a different approach for starting the circuit may be determined from the following relation : 
oscillation of the LC sensor 10 . 

Specifically , a capacitor C1 is coupled between the con - 50 
tact 202 and ground GND . However , the oscillation may be 
started in two different ways . 

In the first case , the oscillation is started by : 
during a first phase , coupling the contact 202 to ground Conversely , the damping factor & is : 

GND , such that said capacitor C1 is discharged ; 55 
during a second phase , coupling the contact 202 to ground 

GND and coupling the contact 204 to a supply voltage , e . g . 
VDD , such that the LC sensor 10 is charged ; and 

during a third phase , placing the contact 202 and the 
contact 204 in a high impedance state , such that the LC 60 
sensor 10 is able to oscillate . Finally , the overshoot OS : Accordingly , the capacitor C1 is initially discharged when 
the LC sensor starts to oscillate , but the voltage at the contact 
204 is limited by charging or discharging the capacitor C1 
through the clamping circuit 214 of the contact 204 . 65 

Conversely , in the second case , the oscillation is started 
by : 

1 = 27fo = VIC 

OS = eV 1 - 2 
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is directly linked to the peak voltage Vpeaki A switch S2 may be used for discharging the capacitor C . 
For example , as shown with respect to FIGS . 86 - 8d , this 

" peak = V final ( 1 + 05 ) switch may be incorporated in the peak detector 280 . Con 
According to these equations , the peak voltage V peak at versely , a switch 224 coupled to the pin 248 may be used for 

the capacitor C cannot exceed the double of the final voltage 5 this purpose . Specifically , when the switch 224 is closed , the 
V final , i . e . the voltage applied to the RLC series , which capacitor C will be coupled to ground GND , thereby dis 
corresponds usually to the voltage VMID : charging the capacitor C . For example , as shown in FIG . 16 , 

Thus , in order to perform LC sensor measurement such a switch 224 may be implemented with a conventional 
through the peak voltage approach , while avoiding a dedi - , three state driver logic 260 of the pin 248 . 
cated voltage generator 206 , a capacitor voltage divider may Similarly , the capacitor C2 and the LC sensor 10 may be 
be used . discharged by coupling contemporaneously the pin 202 to 

In fact , the voltage generator 206 described with respect ground , e . g . by using the driver logic 240 . 
to FIGS . 6a and 6b usually provides a voltage , which Accordingly , as shown in FIG . 16 , by providing two 
corresponds at most to VDD / 2 . Thus , a circuit would be 15 additional capacitors C and C2 and a diode D , a conven 
required in order to generate this voltage staring from the tional microcontroller ( or any other integrated circuit ) may 
supply voltage VDD . be used as control unit 20 . Specifically , the control unit 20 Conversely , when using a capacitive voltage divider , the should comprise at least two pins : an excitation pin 202 and voltage provided at the pin 202 may also be higher , and in a measurement pins 248 , wherein at least the pin 202 has particular may correspond to the supply voltage VDD . o the supply voltage VDD . 20 associated a two or three state driver circuit for connecting FIG . 145 shows an example , wherein the capacitor of the pin 202 selectively to the supply voltage VDD , thereby FIG . 14a has been split in two capacitors Ca and Cb coupled starting the oscillation of the LC sensor . Conversely , the in series . Thus , assuming that these capacitors have equal second pin 248 provides the peak voltage and may be fed to values , i . e . Ca = Cb , the peak voltage at the capacitor Cb an internal comparator 210 or analog - to - digital converter 
would correspond to : 25 208 for determining the peak voltage . Finally , the measure 

ment pin 248 may also have associated a respective three Vpeak = V finai ( 1 + OS ) / 2 state driver circuit 260 for selectively discharging the 
Thus , by using a peak detector 280 comprising a capaci capacitor C . 

tive voltage divider , the embodiments disclosed with respect For example , typically a 10 or 12 bit analog - to - digital 
to FIGS . 6a and 6b may be modified , e . g . , as shown in FIG . 30 converter 208 is sufficient in order to determine the voltage 
15 . variation of the peak value being caused by variations of the 

Specifically , the voltage generator 206 is replaced with a resistance R of the LC sensor 10 of several Ohms . 
simple switch 220 configured to couple the pin 202 selec - Generally , the peak detector 280 described with respect to 
tively to VDD . For example , as shown in FIG . 16 , a FIGS . 15 and 16 could also be used in the previous embodi 
conventional two state or three state driver logic 240 of an 35 ments . Moreover , also in the embodiment shown in FIG . 6b , 
output pin of a microcontroller may be used for this purpose , the pin 204 may not be required by connecting the LC sensor 
wherein the processing unit 230 may set the pin 202 to the 10 via a peak detector 280 to ground . 
voltage VDD , e . g . by driving the driver logic 240 with the The approaches described herein are also particularly 
logic value “ 1 ” . suitable for managing multiple LC sensors . In fact , depend 

The LC sensor 10 is coupled ( e . g . directly ) in series with 40 ing on the application requirements , different arrangements 
a peak detector 280 between the pin 202 and ground GND . may be used in order to interface a number of NLC sensors : 
Specifically , the peak detector 280 comprises a diode D and sequential measurement ( see FIG . 17a ) , wherein a respec 
two capacitors C and C2 . Consequently , the LC sensor 10 , tive excitation pin 202 is provided for each LC sensor 10 and 
the capacitor C2 , the diode D and the capacitor C are wherein the LC sensors are coupled to the same peak 
coupled in series between the pin 202 and ground GND . In 45 detector 280 providing the peak value to a single measure 
particular , due to the voltage at the pin 202 is switched , the ment pin 248 , i . e . , N excitation pins 202 , one peak detector 
previous pin 204 may not be required and the connection to 280 and one measurement pin 248 ; 
ground GND may be fixed . parallel measurement ( see FIG . 17b ) , wherein a single 

Those of skill in the art will appreciate that the position of excitation pin 202 is provided for all LC sensors 10 and 
the capacitor C2 may also change and , instead of coupling 50 wherein the LC sensors are coupled to respective peak 
the capacitor between the LC sensor 10 and the diode D , the detectors 280 providing the respective peak values to respec 
capacitor C2 may be coupled also , e . g . , between the diode D tive measurement pins 248 , i . e . , one excitation pins 202 , N 
and the capacitor C . peak detectors 280 and N measurement pins ; 

Accordingly , when the pin 202 is coupled to VDD via the independent measurement ( see FIG . 17c ) , wherein a 
switch 220 ( or the driver logic 240 ) , the oscillation of the LC 55 respective excitation pin 202 is provided for each LC sensor 
sensor will start with an overshoot and the capacitor C will 1 0 and wherein the LC sensors 10 are coupled to respective 
be charged to a peak value depending on the ratio between peak detectors 280 providing the respective peak values to 
the capacitances of the capacitor C2 and C . For example , respective measurement pins 248 , i . e . , Nexcitation pins 202 , 
usually the capacitances of the capacitors C2 and C should N peak detectors 280 and N measurement pins . 
substantially be the same . For example , usually capacitances 60 Independently of the specific architecture adopted ( se 
in the range of 200 - 2000 pF may be used . quential , parallel or independent measurement ) , the 

The voltage V peak at the capacitor C is provided to the approach described herein may use a single analog to digital 
control unit 20 , e . g . the pin 248 . Accordingly , by monitoring converter 208 ( or alternatively a single comparator 210 ) . 
the voltage at the pin 248 , e . g . by an analog - to - digital Due to the peak values stored by the associated peak detector 
converter 208 ( see also FIG . 9a ) and / or a comparator 210 65 280 , the peak values coming from different measurement 
( see also FIG . 9b ) the processing unit 230 is able to pins 248 may be provided sequentially to the same mea 
determine the state of the LC sensor 10 . surement circuit 208 / 210 without losing information . 
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FIG . 18 shows in this respect a possible measurement Of course , without prejudice to the principle of the 

procedure , which may be used for the parallel ( see FIG . 176 ) invention , the details of construction and the embodiments 
or independent measurement ( see FIG . 17c ) . may vary widely with respect to what has been described 

After a start step 7000 , the control unit 20 resets at step and illustrated herein purely by way of example , without 
7002 all external components . For example , this may 5 thereby departing from the scope of the present invention , as 
include discharging the capacitor C of the peak detector and defined by the ensuing claims . 
the LC sensor 10 . Usually the excitation pin ( s ) 202 and the 
measurement pins 248 are coupled to ground for this pur The invention claimed is : 

1 . A system for interfacing an LC sensor , the system pose . The processing unit 230 may drive the driver circuits 
240 and 242 associated with the pins 202 and 248 with the a starter configured to selectively start an oscillation of the logic value “ 0 ” . LC sensor ; At step 7004 , the control unit 20 excites all LC sensors 10 an analog peak detector to be coupled to the LC sensor by placing the measurement pin 248 in a high impedance and configured to determine a signal being indicative of state and by connecting the excitation pin ( s ) 202 to the 15 a peak voltage of an oscillation of the LC sensor ; and 
supply voltage VDD . For example , the processing unit 230 a state detector configured to determine a state of the LC 
may drive the driver circuits 240 associated with the pin ( s ) sensor as a function of the signal determined by the 
202 with the logic value “ 1 ” and the driver circuits 242 analog peak detector , wherein the system is configured 
associated with the pins 248 with the logic value “ Z ” . to : 

At step 7010 , the control unit may monitor the value of the 20 deactivate the starter once the analog peak detector has 
voltage at the measurement pin 248 associated with the determined the peak voltage of the oscillation of the 
current LC sensor . For example , the control unit 20 may LC sensor ; and 
determine the state of the current LC sensor by measuring by activate the state detector once the analog peak detector 
an analog - to - digital converter 208 the voltage at the current has determined the peak voltage of the oscillation of 
measurement pin 248 and comparing the digital peak value 25 the LC sensor . 
with a digital reference value , or the control unit 20 may 2 . The system according to claim 1 wherein the analog 
compare the voltage via an analog comparator 210 directly peak detector comprises a diode and a storage capacitor 
with at least one analog threshold value V Ref coupled thereto . 

At step 7012 the control unit 20 stores the state of the 3 . The system according to claim 2 , wherein the storage 
current LC sensor 10 . 30 capacitor has first and second terminals ; wherein the diode 
Next , at step 7014 the control unit 20 may test whether all has an anode to be coupled to the LC sensor and a cathode 

LC sensors 10 have been monitored . coupled to the first terminal of the storage capacitor ; and 
In case at least one LC sensor 10 has not been monitored wherein the second terminal of the storage capacitor is 

( output “ N ” of the verification step 7014 ) , the control unit 20 coupled to a voltage reference . 
selects at step 7016 the next LC sensor and the procedure is 35 4 . The system according to claim 1 , wherein the analog 
repeated at step 7010 . peak detector comprises a capacitive voltage divider , such 

Otherwise , in case all LC sensors 10 have been monitored that the signal corresponds to a scaled down version of the 
( output “ Y ” of the verification step 7014 ) , the control unit 20 peak voltage of the oscillation of the LC sensor . 
proceeds to step 7018 in which the control unit waits till a 5 . The system according to claim 2 , wherein the analog 
next measurement is requested , before the procedure returns 40 peak detector comprises a switch configured to selectively 
at step 7002 . discharge the storage capacitor . 
As shown in FIG . 18 , the procedure may also comprise 6 . The system according to claim 2 , wherein the analog 

two further optional steps 7006 and / or 7008 , which could peak detector comprises a switch to selectively enable or 
also be introduced in the method described with respect to disable the analog peak detector . 
FIG . 11 for a single sensor . 45 7 . The system according to claim 6 , wherein the analog 

Specifically , the step 7006 may be a wait step , in which peak detector comprises a control circuit configured to 
the control unit 20 waits a given period of time , correspond enable the analog peak detector as a function of a voltage of 
ing at least to one fourth of the oscillation period of the LC the oscillation of the LC sensor . 
sensor 10 . In fact , this period may be required in order to 8 . The system according to claim 1 , wherein the state 
ensure that the overshoot occurred and the peak detector 280 50 detector comprises : 
stored the peak value . an analog - to - digital converter ; 

Conversely , the step 7008 may be used to deactivate the a digital processing unit coupled to the analog - to - digital 
excitation pin 202 and / or activate the analog - to - digital con converter , and 
verter 208 ( or alternatively the comparator 210 ) , thereby a comparator coupled to the digital processing unit and 
reducing the power consumption . These measurement com - 55 configured to compare the signal indicative of the peak 
ponents may then be deactivated again , e . g . , at the step 7018 . voltage with a threshold value . 

The proposed peak detectors 280 may also be modified to 9 . The system according to claim 1 , wherein the LC 
reduce the number of required off - chip components . Gen - sensor has a first and second terminals ; and wherein the 
erally , the diode D may be easily integrated on - chip with the starter comprises a switch configured to selectively couple 
control unit 20 . Conversely , at least the capacitor C is 60 the first terminal of the LC sensor to a supply voltage , and 
usually too big to be integrated . In fact , a small capacitor C wherein the second terminal of the LC sensor is coupled to 
( with respect to C2 ) could lead to the saturation problem , the analog peak detector and reference voltage . 
while reducing both capacitors C and C2 could lead to poor 10 . The system according to claim 1 , wherein the starter 
resolution . Thus , a possible approach , which may be suitable and the analog peak detector are incorporated in an inte 
at least for the approaches using a single peak detector ( e . g . 65 grated circuit . 
single sensor or sequential measurement ) may be the use of 11 . A system for interfacing a plurality of LC sensors , the 
an integrated diode and external capacitors . system comprising : 
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a starter configured to start oscillations of the plurality of sensor and configured to determine a signal being indicative 
LC sensor ; of a peak voltage of an oscillation of the LC sensor , and a 

a plurality of analog peak detectors , wherein an analog state detector configured to determine a state of the LC 
peak detector is to be coupled to each LC sensor and led to each LC sensor and sensor as a function of the signal determined by the analog 
configured to determine signals being indicative of a 5 peak detector , the steps comprising : 
peak voltage of an oscillation of a respective LC activating the starter to selectively start an oscillation of 
sensor ; and the LC sensor ; 

a state detector configured to determine states of the obtaining the signal being indicative of a peak voltage of 
plurality of LC sensors as a function of the signals the oscillation of the LC sensor from the analog peak 
determined by the plurality of analog peak detectors , 10 detector ; 
wherein the system is configured to : detecting the state of the LC sensor as a function of the 
deactivate the starter once the analog peak detector has signal determined by the analog peak detectors ; 

determined the peak voltage of the oscillation of the deactivating the starter once the analog peak detector has 
respective LC sensor ; and determined the peak voltage of the oscillation of the LC 

activate the state detector once the analog peak detector 15 sensor ; and 
activating the state detector once the analog peak detector has determined the peak voltage of the oscillation of 

the LC sensor . has determined the peak voltage of the oscillation of the 
12 . The system according to claim 11 , wherein the state LC sensor . 

15 . A system comprising : detector comprises : 
an analog - to - digital converter ; 20 a first terminal configured to be coupled to an LC sensor ; 
a digital processing unit coupled to the analog - to - digital a second terminal configured to be coupled to the LC 

converter ; and sensor ; and 
a comparator configured to compare the signals indicative a control unit configured to : 
of the peak voltage with a threshold value , and wherein excite the LC sensor by providing a fixed voltage to the 
the plurality of analog peak detectors provide the 25 first terminal , 
signals to the analog - to - digital converter or the com detect a peak voltage of an overshoot of an oscillation 
parator . of the LC sensor , and 

13 . A method of interfacing an LC sensor comprising a detect a state of the LC sensor based on the peak 
starter configured to selectively start an oscillation of the LC voltage of the overshoot . 
sensor , an analog peak detector to be coupled to the LC 30 ? 30 16 . The system of claim 15 , wherein the control unit 
sensor and configured to determine a signal being indicative comprises : 
of a peak voltage of an oscillation of the LC sensor , and a a first capacitor configured to be coupled to the LC sensor ; 
state detector configured to determine a state of the LC a diode having an anode coupled to the first capacitor and 
sensor as a function of the signal determined by the analog a cathode coupled to the second terminal ; and 
peak detector , the method comprising : 35 a second capacitor coupled between the second terminal 

activating the starter to selectively start an oscillation of and ground . 

the LC sensor ; 17 . The system of claim 15 , wherein the control unit is 
obtaining the signal being indicative of a peak voltage of obtaining the signal being indicativefanek voltage of further configured to stop exciting the LC sensor a first time 

the oscillation of the LC sensor from the analog peak after exciting the LC sensor , wherein the first time corre 
detector ; 40 sponds to at least one fourth of an oscillation period of the 

LC sensor . detecting the state of the LC sensor as a function of the 18 . The system of claim 15 , wherein the control unit signal determined by the analog peak detectors ; 
deactivating the starter once the analog peak detector has comprises an analog - to - digital converter ( ADC ) configured co 

determined the peak voltage of the oscillation of the LC to detect the peak voltage of the overshoot . 
sensor ; and 45 19 . The system of claim 15 , wherein the control unit 

activating the state detector once the analog peak detector comprises a state detector configured to determine the state 
has determined the peak voltage of the oscillation of the of the LC sensor , and wherein the control unit is further 
LC sensor . configured to activate the state detector after the control unit 

14 . A non - transitory computer readable medium for per detects the peak voltage of the overshoot . 
forming steps of interfacing an LC sensor comprising a 50 20 . The system of claim 15 , further comprising the LC 
starter configured to selectively start an oscillation of the LC 
sensor , an analog peak detector to be coupled to the LC 

sensor . 


